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Description 

Background of the Invention 

5 [0001 ] Today many powerful techniques, derived from research In molecular biology, are ready to be used In routine 
diagnostic or forensic applications. Prominent examples are the polymerase chain reaction, PCR (Saiki et al., Science, 
230, 1350-1355, 1 985), based on a cyclic, template-directed primer extension reaction; the analysis of restriction frag- 
ment length polymorphisms (Kan Y.W. and A.M . Dozy, Lancet 2: 91 0-912 (1 978)); and the llgase chain reaction (Barany, 
F. (1 991 ) Proc.Natl.Acad.Scl. USA, 88, 1 89-1 93) to detect known point mutations at the ligation site of adjacent ollgo- 

10 nucleotides. 

[0002] It appears likely that in the near future, application of these techniques for analysis of ONA will augment or 
supplant conventional diagnostic procedures based, for example, on the detection of disease-associated metabolites. 
[0003} Currently, the most common tool for the analysis of DNA is fragment separation by gel electrophoresis. How- 
ever, in many cases, electrophoretic analysis and subsequent detection of labeled fragments is more time-consuming 

is than performing the enzymatic reaction, and therefore is a time-limiting step. 

[0004] Detection techniques are under development which will enhance signal acquisition and provide automated 
and parallel sample processing, and will likely lead to cost-efficient and time-saving sample processing in diagnostic 
and forensic applications. Also, large DNA sequencing projects, such as the Human Genome Initiative, that seek to 
sequence genes or entire genomes, for research or diagnostic purposes, require automated techniques with a high 

20 throughput to ensure timely completion of the project. 

[0005] A promising tool, which meets at least some of these criteria, is the analysis of DNA fragments by matrix 
assisted laser desorptlon/ionization time-of-f light (MALDI-TOF) mass spectrometry (Karas, M. and Hillenkamp, R 
(1988) Aaal.Chem., 60, 2299-2301). 

[0006] The blotin-streptavidin system is a common and useful tool for the purification of biotinylated materials (X. 

25 Tong and L.M. Smith (1 992) Anal.Chem., 64, 2672-2677), e.g., products from PCR or sequencing reactions. Strepta- 
vidin (and also avidin) are bacterial proteins which form tight complexes with biotin, including blotin conjugated to other 
molecules such as nucleic acids. The stability of the biotin-streptavidin complex during intensive washing permits re- 
moval of non-specificaily bound and non-biotinylated material, which is of great importance for the success of reaction 
product analysis. The properties of the biotin-streptavidin complex can be used in systems employing biotin binding 

30 to streptavidin on a solid support and immobilization of biotinylated molecules. The solid phase, including the complexed 
biotinylated molecules, can be physically collected for further manipulations, including i) removal of excess reaction 
components like buffer salts, enzymes or deoxynucleotide triphosphates (dNTPs) or ii) performance of enzymatic re- 
actions iike nucleotytic digests and solid phase sequencing. 

[0007] A broad spectrum of applications for the biotin-streptavidin system is known and even techniques not yet 
35 developed will be adaptable to this system (see, e.g., Stahl et al. Nucleic Acids Research (1 988) 1 6, 3025-3038; Hu It- 
man etal. Nucleic Acids Res. (1989) 17, 4937-4946; Homes et at. Genet Anal. (1990) 7, 145-150). 
[0008] Although the biotin-streptavidin complex is the result of non-covalent bonding, the affinity of streptavidin for 
biotin is about one million times more powerful than those of most antibody-antigen interactions. However, for the 
analysis of reaction products, it is important to provide conditions for an effective dissociation of the complex to recover 
40 the anafyte molecules without modification. 

[0009] Currently, the recovery of biotinylated substances is based on biotin-streptavidin complex dissociation using 
substances like phenol, urea or most preferably 95%formamide at temperatures between 25 and 100°C. (Cocuzza et 
al., U.S. Patent No. 5,484,701, 1996). 

[001 0] However, the use of formamide has been shown to be harmful for sample crystallization, a necessary process 
45 for MALDI-TOF analysis, and for various enzymatic reactions (e.g. reactions employing alkaline phosphatase). There- 
fore methods based on the use of formamide are only useful for subsequent gel electrophoretic analysis, but are harmful 
if enzymatic reactions should be performed involving the isolated material or other analytical tools are applied. The 
endo- or exonucleo lytic digest, for example, of PCR products would benefit from a method allowing isolation of single 
stranded PCR products which can be digested after purification. 
so [0011] Gel electrophoresis, the time and sample throughput limiting factor In DNA diagnostics, will be replaced by 
more efficient techniques in the near future. 

Summary of the Invention 

55 [001 2] In one aspect, the invention provides a method for dissociating a complex comprising a biotin compound and 
a biotin -binding compound. The method includes contacting the complex with an effective amount of ammonia or a 
primary amine, under conditions such that the complex is dissociated, thereby forming a biotin compound and a biotin- 
binding compound. 
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[0013] In preferred embodiments, the complex is contacted with ammonia or the primary amine at a temperature of 
between about 25° and about 1 00°. In preferred embodiments, the biotin compound is a biotinylated macromolecule. 
In preferred embodiments, the biotinylated macromolecule is selected from the group consisting of a biotinylated nucleic 
acid sequence, a biotinylated protein, a biotinylated carbohydrate, and a biotinylated lipid. In preferred embodiments, 
3 the blotin-bindlng compound is selected from the group consisting of avidin, streptavidin, and derivatives thereof. 

[0014] In preferred embodiments, the biotin-binding compound is Immobilized on a solid support. In preferred em- 
bodiments, the solid support is a magnetic bead. 

[001 5] In certain preferred embodiments, after the contacting step, the biotin compound is separated from the biotin- 
binding compound. In preferred embodiments, after the separation step, the biotin compound is purified. In preferred 
io embodiments, the biotin compound is purified by a method selected from the group consisting of lyophilization, pre- 
cipitation, filtration, and dialysis. 

[0016] In preferred embodiments, prior to the contacting step, the complex is purified. 
[0017] In other preferred embodiments, the biotin compound is immobilized on a solid support. 
[0018] In preferred embodiments, after dissociation of the complex, at least one of the biotin compound and the 
15 biotin-binding compound Is analyzed by mass spectrometry. 

[0019] In certain preferred embodiments, after dissociation of the complex, the biotin-binding compound retains bi- 
otin-binding activity. In preferred embodiments, after dissociation of the complex, the biotin moiety of the biotin com- 
pound remains substantially intact 

[0020] In particularly preferred embodiments, ammonia is used. 

20 [0021] In another aspect, the invention provides a method for analyzing a biotinylated nucleic acid. The method 
includes the steps of contacting the biotinylated nucleic acid with a biotin-binding compound, thereby forming a bioti- 
nylated nucleic acld:biotin-binding compound complex and contacting the complex with an effective amount of ammonia 
or a primary amine, under conditions such that the complex is dissociated, thereby releasing a biotinylated nucleic acid 
and a blotin-bindlng compound; and analyzing the biotinylated nucleic acid. 

25 [0022] In preferred embodiments, the nucleic acid is ON A. In preferred embodiments, the biotin-binding compound 
is immobilized. In preferred embodiments, the biotinylated nucleic acid Is analyzed by mass spectrometry. In preferred 
embodiments, ammonia is used. 

[0023] Thus, in one embodiment, the subject method provides a process for isolating biotinylated single stranded or 
double stranded DNA from enzymatic reactions for the purpose of purification and sample conditioning, which can be 
30 followed by subsequent analysis (e.g., by mass spectrometry) or further enzymatic reactions. 

[0024] The above and further features and advantages of the instant invention will become clearer from the following 
detailed description and claims. 

Brief Description Of The Figures 

35 

[0025] Figure 1 1s a schematic drawing of the purification of biotinylated PGR products where the reaction was carried 
out in solution. 

[0026] Figure 2 is a schematic drawing of two different means for detecting Sanger sequencing products. 

[0027] Figure 3 is a schematic drawing of different means for detecting PCR digest products with single- or double- 

40 stranded specific endo- or exonucleases to generate DNA sequence information. 

[0028] Figure 4 shows a MALDI-TOF MS spectrum of a biotinylated 20mer oligodeoxynucleotide (SEQ ID NO:1) 
Immobilized on streptavidin Dynabeads and recovered using the method as described in Example 1. 
[0029] Figure 5 shows a MALDI-TOF MS spectrum of a PCR product from the hepatitis B core antigen coding DNA 
region, purified with streptavidin Dynabeads and recovered from the beads using ammonium hydroxide, as described 

45 in Example 2. 

[0030] Figure 6 shows a mass spectrum of the A-reaction of the Sanger sequencing reaction purified with M-280 
streptavidin Dynabeads. 

[0031] Figure 7 shows a mass spectrum of an exonucleolytic digest of a 60 mer PCR product. 
(0032) Figure 8 shows a mass spectrum of an exonucleolytic digest of a biotinylated 25mer immobilized on Dyna- 
50 beads. 

Detailed Description ot the Invention 

[0033] In general, the invention features a method for dissociating biotin compounds, including biotin conjugated 
55 (biotinylated) carbohydrates, proteins, polypeptides, peptides and nucleic acid molecules (e.g., double-stranded or 
single- stranded DNA or RNA), from biotin-binding compounds, including streptavidin or avidin compounds. Once iso- 
lated, the biotin compound (or biotin-binding compound) can be analyzed using various detection methods and/or 
employed in further enzymatic reactions. 
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[0034] The term "biotin compound", as used herein, refers to biotin and biotin derivatives and analogs. Thus, "biotin 
compounds" include compounds such as biotin, imminobiotin, and covalent or non-covalent adducts of biotin with other 
moieties, preferred biotin compounds retain the ability to bind to avidin or streptavidin, or olher biotin-binding com- 
pounds. For example, biotin has been used to derivative a variety of molecules, including both small molecules (for 

s example, chelating agents, e.g., 186 Recheiators conjugated to biotin, see, e.g., U.S. Patent 5,283,342 to Gustavson 
et a/.) as well as large molecules, Including blomolecules (e.g., nucleic acids (Including DNA, RNA, DNA/RNA chimeric 
molecules, nucleic acid analogs, and peptide nucleic acids), proteins (including enzymes and antibodies), carbohy- 
drates, lipids, and the like). Methods of conjugating biotin to other molecules fbiotinylation") are well known in the art, 
and a variety of blotinylatlng reagents are commercially available (from, e.g., Pierce, Rockford, IL). A variety of coupling 

10 or crosslin king agents such as protein A, carbodlimlde, dimalelmide, dlthlo-bis-nitrobenzolc acid (DTNB), N-succInlm- 
idyl-S-acetyl-thioacetate (SATA), and N-succinimfdyl-3-(2-pyridyldithlo) propionate (SPDP), 6-bydrazlnonlcotimide 
(HYNIC), N 3 S and N 2 S 2 can be used in well-known procedures to synthesize biotin amide analogs or biotin compounds. 
For example, biotin can be conjugated via DTPA using the bicyclic anhydride method of Hnatowfch et al Int. J. Appt. 
Radiat. Isotop. 33. 327 (1 982). In addition, sulfosuccinimidyl 6-(biotlnacnido) hexanoate (NHS-LC-biotin (which can be 

» purchased from Pierce), "biocytin", a lysine conjugate of biotin, can be useful for making biotin compounds due to the 
availability of a primary amine. In addition, corresponding biotin acid chloride or acid precursors can be coupled with 
an amino derivative by known methods. Thus, preparation of a variety of moieties conjugated to a biotin compound is 
possible. Furthermore, a biotin compound can be conjugated to a solid support, if desired. 

[0035] The term "conjugated,* as used herein, means ionically or covalently linked or attached (e.g., by use of a 
20 derivatizing reagent). 

[0036] The term "biotin-bindlng compound" refers to a compound which can tightly but non-covalently conjugate with 
biotin compounds. Biotin-binding compounds include avidin and streptavidin, as well as derivatives and analogs there- 
of, Including avidin or streptavidin conjugated to other moieties (such as other proteins). Preferred biotin-bindlng com- 
pounds include avidin, streptavidin, covalent adducts of avidin and streptavidin, and fusion proteins having a domain 

25 which has blot in-binding activity. In certain embodiments, anti-biotin antibodies can be used as the biotin-bindlng com- 
pound. The covalent linkage of biotin-bindlng compounds such as streptavidin is well known, and some streptavidin- 
conjugated solid supports are commercially available (e.g., Dynabeads magnetic microbeads, Dynal, Hamburg, Ger- 
many). Thus, biotin-binding compounds linked to an insoluble support are useful in the present invention. 
[0037] A "solid support" refers to a support which is solid or insoluble material (e.g. a materiel that can be separated 

30 from a reaction mixture by nitration, precipitation, magnetic separation, or the like). Exemplary solid supports include 
beads (such as Sepharose, Sephadex, polystyrene, polyacrylamide, cellulose, Teflon, glass, (including controlled pore 
glass), gold, or platinum); flat supports such as membranes (e.g., of cellulose, nitrocellulose, polystyrene, polyester, 
polycarbonate, polyamide, nylon, glass fiber, polyd'rvinylidene difluoride, and Teflon); glass plates, metal plates (includ- 
ing gold, platinum, silver, copper, and stainless steel); silicon wafers, mictrotiter plates, and the like. Flat solid supports 

35 can be provided with pits, channels, filter bottoms, and the like, as is known in the art. 

[0038] A "biotin compound :biot!n-blnding compound complex" refers to anon -covalent complex formed by the binding 
of a biotin compound to a biotin-binding compound. 

[0039] The term "analyzing," as used herein, refers to detection of, or characterization of, a molecule or moiety. Thus, 
a molecule can be analyzed by a variety of known techniques, including spectrometric techniques such as UV/VIS, 

<o |R, or NMR spectroscopy, mass spectrometry, chromatography, electrophoresis, or other methods known in the art, or 
combinations thereof. "Analyzing" can also include methods such as sequencing of nucleic acids. 
[0040] The term "ammonia", as used herein, refers to NH 3 , or any salt thereof Thus, depending upon the solvent 
used, and the pH of the solvent, ammonia may be present as NH 3 , or may be in the form of an ammonium salt or 
compound. For example, ammonia in aqueous solution can exist largely as ammonium hydroxide (depending on the 

45 pH), but is generally referred to herein as "ammonia." 

[0041] The term "primary amine" as used herein, refers to a compound having the structure NH 2 FF or N + H 3 R* in 
which R' is alky I (including cycloalkyl), aJkenyl, alkynyl, or aryl group, and can be independently selected for each 
occurrence. Where an R* group is alky I, the alkyl group can have from one to twelve carbon atoms in a straight or 
branched chain. Lower alkyls (having from one to six carbon atoms in a branched or straight chain) are preferred. A 

50 preferred aryl group Is phenyl, which can be substituted or unsubstltuted. Exemplary amines Include methylamlne and 
aniline. 

[0042] It is believed that small amines (i.e., those molecules with small steric bulk, e.g., where at least one FT is 
hydrogen or a small alkyl group such as methyl) are more effective than larger amines at dissociating biotin compound 
- biotin-binding compound complexes. Thus, amines in which each R' is sterically small (e.g., hydrogen or a small alkyl 
55 group such as methyl) are preferred. In general, an amine will be selected according to factors such as cost, efficacy, 
ease of handling, ease of purification of the desired products, and the like. Ammonia is a most preferably used at least 
in part because ammonia effectively cleaves biotin complexes and is inexpensive, readily handled as either the gas 
or ammonium hydroxide In solution, and easily removed when reaction Is complete (e.g., by lyophilization). As described 
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in more detail below, the use of ammonia as the cleaving reagent permits facile purification of biotin compounds by 
removal of excess ammonia under a vacuum. Thus, in certain embodiments, an amine that is sufficiently volatile to be 
removed by lyophilization is preferred. However, other methods of purifying a biotin compound or blot in- bin ding com- 
pound (or a mixture of both) can be employed, including, for example, dialysis, gel electrophoresis, capillary zone 
* electrophoresis, affinity chromatography, crystallization, column chromatography (e.g., gel or Ionic exchange chroma- 
tography), HPLC, and the like. 

[0043] The methods of the invention are particularly useful in purification of biotinylated compounds. For example, 
a biotinylated compound can readily be separated from non-biotinylated compounds simply by contacting a reaction 
mixture with immobilized biotin-binding compound, e.g., covalently bound to a solid support, followed by separation 

10 and washing of the immobilized complex of the biotin compound with the biotin-binding compound. The biotinylated 
molecule can then be isolated by dissociation of the biotin - biotin-binding compound complex, followed by separation 
of the biotin compound from the solid support. The purified biotinylated compound can then be lyophllized, further 
purified by conventional techniques, or the like. The skilled artisan will appreciate that a biotin-binding compound can 
be purified by an analogous process, e.g., by contacting a reaction mixture containing a biotin-binding compound with 

is an immobilized biotin compound to form a complex, followed by purification and subsequent dissociation of the complex. 
[0044] In the case of biotinylated nucleic acids, the blotln-streptavidin system can be used for the Isolation of either 
single- or double-stranded nucleic acids, e.g., DNA. A preferred application is the isolation of a double -stranded PGR 
product, the subsequent removal of the non-biotinylated strand and the downstream processing of the single strands 
(Mitchell, L. G., et at. (1994) "Advances in Biomagnetic Separation," Eaton Publishing, Natick, MA, USA, p. 31-48). 

20 Currently, denaturing of double-stranded products on streptavidin Dynabeads is preferably done using 0.1 M NaOH. 
Other applications include the purification of PCR and LCR products as well as purification of DNA sequencing products 
(Jurinke, C, etal. t (1996) Anal Biochemistry, 237, in press). 

[0045] The exact mode of action of ammonia and other primary amines on biotin decomplexation is not known. It is 
believed that the pH of the reaction system is important to effectively decomplex biotin and biotin-binding compounds 

25 within a reasonable time. However, it is known that biotin complexes are stable up to relatively high pH in the absence 
of ammonia. In particular, 0.1 N sodium hydroxide solution (at a pH of about 13) is less effective at cleaving biotin 
compoundibiotin-binding-compound complexes than is 25% ammonium hydroxide solution. Ammonia is known to be 
a strong hydrogen bond donor-acceptor. Without wishing to be bound by any theory, it is believed that the ammonia 
molecules are small enough to diffuse into the biotin complex and disrupt the bonding (e.g., hydrogen bonding) of the 

30 biotin moiety with a biotin-binding compound. The biotin compound retains the ability to bind to a biotin-binding com- 
pound after treatment with ammonia, and the biotin moiety can remain substantially intact. 

[0046} Thus, the pH of the reaction mixture can affect the rate of complex dissociation. In preferred embodiments, 
the pH of the reaction mixture is In the range from about 7.0 to about 14.0, more preferably from about 8.0 to about 13.0. 
[0047] The concentration of the ammonia or other amine is also important. A preferred concentration is at least about 
35 5% ammonia or amine, more preferably at least about 1 0%, and still more preferably at least about 1 5% (w/v). Higher 
concentrations will generally result in more rapid complex dissociation. Accordingly, a concentration of about 25 - 28% 
is preferred. An ammonia concentration of 25 -28% can be readily achieved with commercially available ammonium 
hydroxide solutions. 

[0048] The temperature at which the cleavage reaction is performed also affects the rate of complex dissociation. 

40 The temperature will be chosen according to considerations such as the rate of reaction (which will be faster at higher 
temperatures) and the stability of the components (e.g., the biotin compound and biotin-binding compound), which will 
generally be less stable at higher temperatures. In preferred embodiments, the temperature is in the range of from 
about 25°C to about 100°C, more preferably from about 40°C to about 80°C. A preferred temperature is about 60°C. 
In certain embodiments, it may be preferred to perform the cleavage reaction under pressure (e.g., In the range of 

45 1 -200 atm), or in a sealed reaction vessel (such as a sealed tube or bomb). 

[0049] The reaction mixture can be an aqueous mixture such as a solution or suspension, or a non-aqueous solvent 
can be employed, Including, e.g., methanol, ethanol, acetonitrile, dimethylformamlde, and the like. Mixtures of solvents 
can also be employed (e.g., water/methanol or water acetonitrile). The solvent will in general be selected to be com- 
patible with at least one of the biotin compound, the biotin-binding compound, or the amine. The choice of an appropriate 

so solvent will be routine to the skilled artisan. Aqueous solvents are generally preferred. 

[0050] Of course, the skilled artisan will appreciate that not all biotin compounds (or biotin-binding compounds) will 
be stable to all reaction conditions. For example, where a biotin compound is a biotinylated protein (e.g., a biotinylated 
antibody), vigorous conditions such as high pH and high temperature can denature the protein moiety. Thus, conditions 
will in general be selected to avoid undesired denaturation or destruction of at least one of the biotin compound or 

55 biotin-binding compound. 

[0051] The method of the invention can be used to purify a biotin compound. For example, in a preferred embodiment, 
the method comprises the steps of contacting a biotin compoundibiotin-binding compound complex with an effective 
amount of ammonia, under conditions such that the complex is dissociated, thereby forming a biotin compound and a 
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bfotin-binding compound. In certain preferred embodiments, the method includes, prior to the dissociating step, the 
step of purifying the biotin compound:biotin-binding compound complex by separating the complex from at least one 
impurity. Thus, by contacting a reaction mixture comprising a biotin compound with a solid support comprising an 
immobilized biotin-binding compound, followed by purification of the complex and subsequent release of the biotin 
s compound from the complex by treatment with ammonia or a primary amine, the biotin compound can be purified from 
a complex reaction mixture. Examples of the purification of, e.g., nucleic acids, by the methods of the Invention are 
provided below. It has been found that the inventive methods are particularly useful where a biotin compound Is to be 
analyzed by mass spectrometry subsequent to complex dissociation. In this embodiment, use of ammonia as the amine 
Is preferred. 

10 [0052] Thus, in a preferred embodiment, the invention provides a simple method for Isolating biotin -conjugated mol- 
ecules from blotin-streptavldln complexes. The method Is compatible with subsequent mass spectrometric analysis of 
the isolated biotin-conjugated molecules. 

[0053] The subject method provides a mass spectrometric-compatible process for releasing intact and non-modified 
biotinylated molecules from biotin-streptavidin complexes by a brief treatment of a complex with an amine (e.g., am- 
is monia, which can be supplied as ammonium hydroxide), preferably at slightly elevated temperatures. Several mass 
spectrometer formats can be used for detection of the recovered products, Including Ionization by matrix assisted laser 
desorption / ionization (MALDI), continuous or pulsed electros pray (ES), or massive cluster impact (MCI); and detection 
formats including linear or reflectron time-of -flight (TOF), single or multiple quadrupole, single or multiple magnetic 
sector, Fourier Transform ion cyclotron resonance (ICR), ion trap, and combinations thereof For Ionization, numerous 
20 matrix/wavelength combinations (MALDI) or solvent combinations (ESI) can be employed. 

[0054] This new method is of outstanding importance for all processes which are based on a fast and quantitative 
recovery of biotin-conju gated materials from biotin-streptavidin complexes and subsequent enzymatic reactions and 
analysis via techniques negatively influenced by organic impurities such as formamide. These include, for example, 
analysis of PCR- or DNA sequencing products with mass spectrometry for diagnostic purposes. 
25 [0055] Figure 1 illustrates one embodiment of the Invention. Figure 1 is a schematic drawing of the purification of 
biotinylated PCR products where the reaction was carried out in solution. In this scheme A represents the biotinylated 
PCR product, R represents reaction components and impurities and H represents the streptavidin coated solid support 
(e.g. streptavidin Dynabeads or multititer plates). 

[0056] In step 1 of this embodiment a PCR reaction is carried out with at least one biotinylated primer. The biotin 
30 group can be attached either on the 5'-hydroxyl group of the primer or at an internal base. By choosing appropriate 
conditions, as are known in the art, in the presence of buffer, template, deoxynucleotides and a thermostable DNA 
polymerase (collectively depicted as R) a biotinylated PCR product (A) will be generated. 

[0057] Since short primers will immobilize more eff icientty than longer PCR products, in step 2 of Figure 1 , the non- 
extended primer is removed by ultrafiltration through size-exclusion membranes, according to procedures described 

35 in the art. After ultrafiltration, the PCR product will sometimes be accompanied by enzyme and/or some buffer com- 
ponents (R). For further purification, the PCR product can be complexed to a solid support (H) having a biotin-binding 
compound immobilized thereon (e.g. , streptavidin or avidin). The complexation conditions may vary; su itable conditions 
include incubation at ambient temperature in the presence of 2M sodium chloride or ammonium chloride, and a pH of 
around 7.5. The nature of the solid support may vary, and include, e.g., magnetic particles (e.g., beads), multititer 

40 plates with or without filter plates , glass, silicon wafers with or without pits, plastic, paper, flat arrays, capillaries, agarose 
or sepharose. Streptavidin-coated magnetic beads (Dynabeads, Dynal, Inc) are preferred. 

[0058] In step 3 of Figure 1 , due to the stability of the biotin-streptavidin complex, Intensive washing can be performed 
to remove all excessive reaction components prior to the recovery of the PCR product. The complexed and purified 
PCR product Is then treated with a small volume of 25% ammonium hydroxide, preferably at about 50 - 60'C, to 

45 overcome the biotin -streptavidin Interaction. 

[0059] In step 4 of Figure 1 , the pure PCR product is accompanied only by ammonium hydroxide. The ammonium 
hydroxide can easily be removed by lyophilization or ethanol precipitation, both methods well known in the art. The 
pure PCR product is redissolved, most preferably in uttrapure water. Other conditions can be chosen, for example 
varying buffers as a solvent The PCR product now can be employed In downstream applications, e.g.. enzymatic 

50 reactions or detection, for example, via mass spectrometry or gel electrophoresis In slab gels orcaplilaries, as described 
In the art. 

[0060] Using ammonia for the dissociation of the biotin-streptavidin complex is of special interest for detection of 
DNA using mass spectrometry. It is known that heterogenity of cations leads to a broadening of mass signal and 
Interferes with the detection process. Thus, mass spectrometric detection would benefit if cation homogeneity could 
55 be achieved. The methods of the invention provide DNA with a homogeneous cation distribution, because after treat- 
ment with ammonia, most of the phosphate groups will carry an ammonium counterion. Another advantage is that DNA 
with ammonium counterions is known to have preferred properties for mass spectrometric (e.g. MALDI -TOF) MS anal- 
ysis. 
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[0061] A second embodiment of the subject method is illustrated in Figure 2. It features the detection of Sanger 
sequencing products and the use of a biotin-streptavidin complex in the process. Figure 2 is a schematic drawing of 
two different means for detecting Sanger sequencing products. On the left side of this scheme, a biotinylated primer 
is used and the reaction Is carried out in solution with subsequent immobilization, purification, ammonium hydroxide 
5 treatment and detection. On the right side, the reaction is performed as a solid phase reaction. In this scheme B 
represents biotinylated primer extension products, R represents reaction components and impurities, C represents 
template DNA, and H represents the streptavi din-coated solid support. 

[0062] As shown In Figure 2, left column, In the first step, a Sanger sequencing reaction Is carried out In solution 
with a biotinylated primer The products arising from this primer extension reaction are double stranded nucleic acids 

10 consisting of the extended biotinylated primer (B) and the template strand (C). In the second step, as show in Figure 
2, the biotinylated complex is immobilized on a streptavi din-coated solid support (H) (as described above). Due to the 
stability of the biotin-streptavidin complex, the immobilized complex can be separated from excess reaction compo- 
nents, by-products and impurities (R) as previously described. In the third step the template DNA is denatured from 
the biotinylated primer extension products (B) by methods well known in the art. A solution of 8 M urea was used for 

is the purpose of denaturation. Further washing steps, preferably with ultrapure water, were employed to remove the 
urea and the template strand. In the fourth step, the purified biotinylated sequencing product (B) was recovered through 
treatment with 25% ammonium hydroxide. Removal of ammonium hydroxide can be performed using ethanol precip- 
itation or lyophllizatlon, as described above. The biotinylated products can be resuspended in ultrapure water and 
analyzed by mass spectrometry or gel electrophoresis or subjected to further enzymatic reactions. 

20 [0063] In a variation of this second embodiment, the sequencing reaction is carried out on a solid support. Figure 2, 
right column, illustrates this variation. In the first step, the biotinylated primer is immobilized on a streptavid in -coated 
solid support (H). In the second step, a template strand is annealed to the immobilized biotinylated primer. In the third 
step, a sequencing reaction, such as Sanger sequencing, is carried out. In the fourth step, reaction components and 
impurities (R) are removed through washing. The template is denatured from the biotinylated extended primer using 

23 urea as described above, and further washing steps are carried out. In step 5 the purified biotinylated extension products 
(B) are recovered through treatment with ammonium hydroxide as described above, and subjected to analysis, for 
example, via mass spectrometry, electrophoresis or further enzymatic reactions. 

[0064] A third embodiment of the instant invention is illustrated in Figure 3. Figure 3 is a schematic drawing of different 
means for detecting PGR digest products with single- or double-stranded specific endo- or exo-nucleases to generate 
30 DNA sequence information. In this scheme A represents biotinylated PCR product; D represents digested biotinylated 
PCR product; E represents biotinylated single-stranded PCR digest product; F represents undigested biotinylated sin- 
gle-stranded PCR digest product; G represents digested biotinylated single-stranded PCR digest product; H represents 
a streptavidin coated solid support; and R represents reaction components and impurities. 

[0065] This embodiment features the sequencing of PCR products with endo- or exo-nucleases and the use of the 

35 biotln streptavidin complex In this process. In the first step, as shown in Figure 3, left column, a PCR reaction is carried 
out with one biotinylated primer. Prior to further reactions unincorporated primers are removed using ultrafiltration 
through a molecular weight cutoff membrane (as described above). In the second step, the biotinylated PCR product 
(A) is subjected to digestion with double-strand specific enzymes. This can be carried out using, for example, DNasel, 
which nicks the double strand DNA statistically at each phosphodiester bond. The reaction can be earned out in a way 

40 such that each double strand arising from the PCR reaction Is nicked once statistically (Low, C. M. L. et a/. (1984) 
Nucleic Adds Res. 12 4B65-4879). A second approach is the use of exonuclease Hi, which digests double strand DNA 
from the 3' end of the molecule. A third approach uses type 2 restriction-en donucteases to carry out RFLPs in combi- 
nation with subsequent analysts, for example, via mass spectrometry or electrophoresis. In the third step, the bioti- 
nylated digestion products (D) of step 2 are Immobilized on a streptavidin coated solid support (H) (as described above). 

45 in step 4, the Immobilized biotinylated products are separated from reaction components and impurities (R) (as de- 
scribed above) and the hybridized non-biotinylated products are removed using a denaturing agent like urea (as de- 
scribed above for the second embodiment). The biotinylated products (E) are released from the solid support by treat- 
ment with ammonium hydroxide. After removal of the ammonium hydroxide using ethanol precipitation or lyophilization, 
the biotinylated products (E) can be resuspended in, for example, ultrapure water and analyzed, for example, via mass 

50 spectrometry or electrophoresis. 

[0066] A variation of this embodiment features the sequencing of PCR products with single strand specific endo- or 
exo-nucleases and the use of a biotin-streptavidin complex in the process. It is illustrated in figure 3 ("Variation 1"). 
The biotinylated PCR product (A) is immobilized on a streptavidin coated solid support (H) after ultrafiltration (step 2). 
In step 3, the non-biotinylated strand is denatured using urea, and further washing steps are carried out. In step 4, the 

55 immobilized biotinylated single-stranded PCR product (F) can be digested with a single strand specific endo- or exo- 
nuclease. For endonuclease digestion, mung bean nuclease or S 1 nuclease is preferred, while for exonuclease di- 
gestion, calf spleen or snake venom phosphodiesterase are preferred, with the latter being particularly preferred. The 
immobilized digestion products (G) are purified with further washing In step 5, and are recovered from the solid support 
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using treatment with ammonium hydroxide. As described previously, the recovered biotinylated products (G) can be 
analyzed after ethanol precipitation or lyophilization. 

[0067] In another variation of this embodiment (shown in Figure 3 as "Variation 2"), in step 5, an immobilized single- 
strand PCR product (F) (as described above in step 3) is treated with ammonium hydroxide to recover the biotinylated 
5 single strand PCR product (F). The ammonium hydroxide is removed using, e.g., ethanol precipitation or lyophilization 
and the DNA is resuspended in ultrapure water. In step 5, the isolated single stranded PCR product (F) is digested 
with a single-strand specific en do- or exo- nuclease, preferably mung bean nuclease, S1 nuclease or snake venom 
phosphodiesterase, respectively. 

[0088] In step 6, the digestion products (G) are then analyzed, for example, via mass spectrometry or electrophoresis. 

10 [0069] Among the advantages of the methods of the invention are: i) there is no need to use harsh, denaturing or 
toxic organic compounds such as phenol or formamide, ii) biotirt-streptavidin complexes can be cleaved under mild 
conditions, ill) volatile amines, such as ammonia, can be easily and rapidly removed (for example by lyophilization), 
iv) the recovered material can be subjected to enzymatic reactions or, e.g., mass spectrometry analysis, without further 
purification, v) a simultaneous biotin-streptavidin complex cleavage and cation exchange. Accordingly, the process of 

*5 the invention will considerably extend the applicability of the biotin-streptavidin system by providing a mild and selective 
procedure to recover the biomoiecules after immobilization for further enzymatic reactions or analysis. 

Exemplification 

20 [0070] The following examples illustrate, but do not limit, the process of the present invention. 

[0071] Examples 1-5 illustrate the utility of the subject methods in various applications in diagnostics and DNA se- 
quencing. In general, the illustrated examples involve at least some of the following steps: 

1 . Performing (a) an enzymatic reaction employing biotinylated DNA in solution or (b) DNA immobilized on a solid 
25 support via a biotin-streptavidin complex, respectively. 

2. Separation of excess biotinylated primer, if necessary, using size exclusion ultrafiltration membranes. 

3. Immobilization of the products of step la by complexing the biotinylated DNA to a biotin-binding protein supported 
on a solid phase. 

4. Separating the complex of step 3 or step 1b from the liquid phase. Further options include washing to remove 
30 reaction contents and impurities, conditioning of immobilized nucleic acids, enzymatic reactions and isolation of 

the nonbiotinyiated strand of a DNA duplex for downstream applications. 

5. Treating the separated and manipulated complex of step 4 with ammonium hydroxide for isolation of biotinylated 
molecules. 

6. Complete removal of ammonium hydroxide by lyophilization or precipitation with ethanol. 

33 7. Downstream processing of isolated material, e.g. analysts of products by MALDI-TOF MS or further enzymatic 

reactions. 

[0072] As described above, the effect of ammonium hydroxide on the immobilized nucleic acids is a function of 
temperature and time of incubation. If the immobilized material is incubated for short times at ambient temperature, 
40 the main process is the denaturatlon of the immobilized double-stranded molecules. However, Incubation of Immobi- 
lized DNA with ammonium hydroxide at elevated temperatures (preferably 37-80°C) leads to the dissociation of the 
biotin-streptavidin complex. 

Example 1 

43 

MALDI-TOF MS spectrum of a biotinylated oligodeoxynucleotlde cleaved from streptavidin Dynabeads using 
ammonium hydroxide 

[0073] For this example, 100 pmol biotinylated oligodeoxynucleotlde (20mer), 5*d(bio-AGCTCTATATCG- 
50 GGAAGCCT)3* (SEQ ID NO:1 ), were Immobilized on 50uJ streptavidin Dynabeads M-280. The beads were prepared 
according to the Instructions of the manufacturer. The beads were finally resuspended In 50 uJ of B/W-buffer (10 mM 
Tris-HCI, pH 7.5, 1mM EDTA, 2 M NaCI). The oligodeoxynucleotide was added In a volume of 1jil and the reaction 
mixture was incubated for 30 minutes at ambient temperature. After Immobilization, the beads were washed twice with 
1 00 u,l of ammonium citrate buffer (0.07 M). The beads were washed once with ultrapure water, 25 uJ of a 25% solution 
55 of ammonium hydroxide was added, and the beads were carefully resuspended. The suspension was incubated at 
60°C for 10 minutes, and the beads were separated from the solution using a magnetic particle collector (Dynal, Ham- 
burg, Germany). The supernatant was saved and the procedure was repeated once. Both supernatants were collected 
in a single tube. The solution was lyophiiized for 30 minutes, and redissolved In 4 p.l of ultrapure water. From this 
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solution 0.5 pJ were analyzed with MALDI-TOF mass spectrometry (Figure 4) as described in example 2, step 4. 
[0074] Figure 4 shows a MALDI-TOF MS spectrum of a biotinylated 20mer oligodeoxy nucleotide (SEQ ID NO:1) 
immobilized on streptavidin Dynabeads and recovered using the method described above. The theoretical mass value 
of the biotinylated oligodeoxy nucleotide is 6522 Da. The mass value obtained is 6529.8 Da. in agreement with the 
s predicted mass. The spectrum demonstrates that a biotinylated poligodeoxynucleotide is removed from the beads. 
Signals marked with an asterisk are due to depurination which occurs in the process of Ionization and desorption also 
if ammonium hydroxide is not applied. 

[0075] This Example demonstrates that b iotinylated D NA can be recovered from a biotin-streptavidin complex using 
ammonium hydroxide at elevated temperatures. The oligodeoxynucleotide and the attached biotin group remain Intact 
10 and unmodified during this process. This can be concluded because no change of molecular weight of the original 
molecule was observed by MALDI-TOF mass spectrometric analysis after subjecting an oligodeoxynucleotide to the 
described procedure. Further experiments demonstrated that the recovered biotinylated molecule can be complexed 
again to streptavidin, also suggesting an intact biotin group. 

'5 Example 2 

MALDI-TOF MS analysis of PCR products purified via streptavidin Dynabeads and subsequent removal from the beads 
using ammonium hydroxide 

20 Step 1 

[0076] PCR was performed with 1 uJ of a first set of PCR primers directed against the gene for the core protein of 
hepatitis B virus. The nested amplification product has a length of 67 bp. 1 00 pmol of each primer, 2.5 u Pfutexo-) DNA 
polymerase (Stratagene, Heidelberg, Germany), a final concentration of 200 u.M of each dNTP and 5 \x\ 10x Pfu buffer 
25 (200 mM Tris-HCI, pH 8.75, 100 mM Kcl, 100 mM (NH^SO^, 20 mM MgSO^, 1% Triton X-100, 1 mg/ml BSA, Strat- 
agene, Heidelberg, Germany) were used in a final volume of 50 uJ. The reactions were performed In a thermocycler 
(OmniGene, MWG-Biotech, Ebersberg, Germany) using the following temperature program: 94°C for 1 minute, 60°C 
for 1 minute and 72°C for 1 minute with 20 cycles. Sequence of oligodeoxynucteotide primers (purchased HPLC- 
purified from MWG-Biotech, Ebersberg, Germany): 

30 

HBV13: 5 * ^(TTGCCTGAGTGC AGT ATGGT-)3 ' (SEQ ID NO:2) 
HBVlSbio; 5 ' d(bio- AGCTCT AT ATCGGG AAGCCT)3 * (SEQ ID NO:3) 

35 

Step 2 

[0077] Purification of the PCR products obtained in step 1 , above, was done according to the following procedure: 
40 Ultrafiltration was performed using Ultrafree-MC filtration units (Millipore, Eschborn, Germany) according to the protocol 
of the manufacturer, with centrifugatlon at 8000 rpm for 20 minutes. 25 uJ (10u,g/u,l) streptavidin Dynabeads M2B0 
(Dynal, Hamburg, Germany) were prepared according to the instructions of the manufacturer and resuspended in 25 
Hi of B/W buffer (10 mM Tris-HCI, pH 7.5, 1mM EDTA, 2 M NaCI). This suspension was added to the PCR samples 
(still In the filtration unit) and the mixture was incubated with gentle shaking for 15 minutes at ambient temperature. 
45 The suspension was transferred to a 1 .5 ml Eppendorf tube and the supernatant was separated with the aid of a 
magnetic particle collector, MPC, (Dynal, Hamburg, Germany). The beads were washed twice with 50 uJ of 0.07 M 
ammonium citrate solution, pH 8.0 (the supernatant was removed each time using the MPC). 

Step 3 

so 

[0078] To remove the PCR product (a double strand of 67 base pairs), the beads were resuspended in 25 jit of 25% 
NH 4 OH Suprapur (Merck, Darmstadt. Germany) and incubated at 60°C for ten minutes. The supernatant was removed 
and saved, and the NH 4 OH treatment was repeated once. Both supematants were dried in a speedvac and resus- 
pended in 4 u.l of ultrapure water (MiiliQ UF plus, Millipore, Eschborn, Germany). For MALDI-TOF MS analysis, 0.5 uJ 
ss of this preparation was used. 
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Step 4 

[0079] Half a microliter (0.5 uJ) of the sample was pipetted onto the sample holder, then immediately mixed with 0.5 
jx! of matrix solution (0.7 M 3-hydroxypicolinic acid in 50% acetonitrile, 70 mM ammonium citrate). This mixture was 

5 dried at ambient temperature and introduced into the mass spectrometer (Figure 5). All spectra were taken in positive 
ion mode using a Rnnigan MAT Vision 2000 (Rnnigan MAT. Bremen, Germany), equipped with a reflectron (5 keV ion 
source, 20 keV postacceteration) and a 337 nm nitrogen laser. Calibration was done with a mixture of a nucleic acid 
40mer and a 1 0Omer. Each sample was measured with various laser energies. In the negative (control) samples, the 
PCR product was not detected at low or high laser energies. In the positive samples, the PCR product was detected 

to at different places of the sample spot and also with varying laser energies. 

[0080] Figure 5 shows a MALDI-TOF MS spectrum of a PCR product from the hepatitis B core antigen coding DNA 
region, purified with streptavidin Dy nabeads and recovered from the beads using ammonium hydroxide, as described 
above. 

[0081] The theoretical mass value of the n on -biotinylated strand is 20792.4 Da. The theoretical mass value of the 
biotinylated strand Is 20886.9 Da. The average mass of both strands is 20839.7 Da. The mass value of the signal 
obtained is 20812.5 Da. Since double stranded DNA molecules are denatured during the process of ionization and 
desorptvon, the PCR products are detected as single-stranded molecules and the mass value obtained represents the 
average mass of both single strands. 

[0082] This Example demonstrates that MALDI-TOF MS analysis of PCR products is compatible with the method 
20 described herein. Compared to the purification procedures currently used, the introduced combination of a streptavidin - 
coated solid support, a biotinylated analyte molecule and the recovery of the PCR product, using ammonium hydroxide, 
ied to improved sample processing and analysis. 

Example 3 

25 

MALDI-TOF MS analysis of Sanger sequencing products purified using streptavidin in Dynabeads and subsequent 
treatment with ammonium hydroxide 

[0083] For the streptavidin-biotin purification, a biotinylated USP (universal sequencing primer), which was supplied 
30 HPLC-purified from Pharmacia Biotech (Freiburg, Germany), was used. The primer sequence was designed so that 
1 0 bases downstream from the primer binding site would be sequenced. The reaction was carried out using the reagents 
from the sequencing kit for Sequenase Version 2.0 (Amersham, Arlington Heights, Illinois, USA) 

Step 1 

35 

[0084] For annealing primer and template, 40 pmol bioUSP (1 u.1) and 40 pmol of template (1 were incubated with 
4 fil of Sequenase-Buffer (5X), heated to 65° C for 2 min. and then slowly cooled down to ambient temperature. To the 
annealing mixture, 1 uJ Mn-buffer (supplied in the kit by the manufacturer), 1 jil dithiothreitol (DTT), 2 uJ ultrapure Water 
(MilliQ, Millipore, Eschborn, Germany) and 2 u.l diluted Sequenase 2.0 (6 U, diluted with pyrophosphatase) were added. 
40 [0085] After the addition of the Sequenase, 3 u.l of the reaction mix were pipetted into each of the four termination 
mixes (A, C, G and T, each 4 uJ). The mixtures were Incubated at 34° C for 20 minutes. Each reaction was stopped 
with 1 .5 uJ 500 mM EDTA. 

Step 2 

45 

[0086] After stopping the termination reaction with EDTA, the sequencing products were Immobilized on streptavidin 
beads prepared according to the protocol of the manufacturer. To each reaction, 20 uJ of prewashed beads were added 
and incubated at ambient temperature for 15 minutes under gentle shaking. After immobilization, the beads were 
washed twice with B/W-buffer (see above) and once with ultrapure water. The template was then denatured from the 
so Immobilized strand with ultrapure water at 95°C for 2 minutes. After denaturation the beads were washed twice with 
0.07 M ammonium citrate and once with ultrapure water. 

Step 3 

55 [0087] The immobilized sequencing products were cleaved from the beads with 20 p.l of 25% ammonia at 60°C for 
1 0 minutes; the deavage reaction was performed twice and the supematants combined. The samples were then lyophi- 
lized, resuspended in 4 u.l ultrapure water and directly used for MALDI-TOF-MS. 
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Step 4 

[0088] The reaction products were analyzed using MALDI-TOF MS (Figure 6) according to the procedure described 
in example 2, step 4. 

Primer 17 mer (molecular weight 5744.4 Da): 
5 *d(bioGTAAAACG ACGGCC AGT)3 '( SEQ ID NO:4), 

Template 50 mer (molecular weight 15338 Da): 

5*d(TTGCCTACACACTGGCCGTCGTTTTA 
3'(SEQn>NO:5) 

[0089] Both primer and template were synthesized (about 0.2 nmol) on a Milligen 7500 using p-cyanoethylphospho- 
amidite chemistry (Sinha, N. D., et at. (1984) Nucleic Adds Res. 12, 4639-4577), and purified via RP-HPLC. 
[0090] Figure 6 shows the reaction of the Sanger sequencing reaction purified with M-280 streptavidin Dynabeads. 
The sequencing reaction was carried out in solution and the sequencing products were captured with Dynabeads. The 
reaction contents, such as salts, enzymes, dNTPs and dideoxy nucleotide triphosphates (ddNTPs), were removed by 
washing, and the sequencing products were recovered for MALOI-TOF-MS analysis using ammonium hydroxide, as 
described above. 

[0091 ] Three termination products were expected in the A-reaction with a length of 22-, 26- and 27 bases, respectively 
These products are represented by the signals at 7282.6 Da, 8502.5 Da and 8809.5 Da, respectively. The signals at 
5721.3 Da and 15325 Da represent primer and template, respectively. The signal at 9131.5 Da is due to a single- 
nucleotide extension of the run-through product. 

[0092] This Example, and Example 4 and 5, infra, demonstrate the utility of the subject methods in DNA sequencing . 
This Example shows that the method is compatible with the analysis of conventional Sanger sequencing. 

Example 4 

MALDI-TOF-MS analysis of exonucieo lytic digestions of PCR products 
Step 1 

[0093] The reaction mix contained 200 u.M dCTP, dTTP and 200 uJvl C 7 -deaza dATP and C 7 -deaza dGTP, 1 00 pmol 
of forward and reverse primer, 1 00 ng M1 3mp1 8 RF, and 2.5 U of Pfu (exo-) DNA polymerase (Stratagene, Heidelberg, 
Germany) In a buffered solution (20 mM Tris-HCI, pH 8.75, 10 mM Kcl r 1 0 mM (NH4)2S04. 2 mM MgSQ4, 0.1 % Triton 
X-100, 0.1 mg/ml BSA, Stratagene, Heidelberg, Germany) of 100 uJ. The reactions were performed in a thermocycler 
(OmnlGene, MWG-Biotech, Ebersberg, Germany) using the following temperature program: Initial denaturing step of 
3 min. 94° C, followed by 25 cycles of 94°C for 1 minute, 48°C for 1 minute and 72°C 1 minute. 
[0094] The reverse primer was synthesized (about 0.2 |imol) on a Milligen 7500 and purified with RP-HPLC. The 
biotinylated forward primer was purchased HPLC purified from Pharmacia Biotech. 

Sequences: 

[0095] 

Forward primer: 5 ' d(bio-GTAAAACGACGGCCAGT)3 ' (SEQ CD NO:6) 



Reverse primer: 5 d(GAGATCTCCT AGGGGCC)3 ' (SEQ ID NO:7) 
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Step2 

[0096] The PCR product was separated from unincorporated primer by ultrafiltration through a 1 0.000 Da molecular 
weight cutoff membrane. Ultrafiltration was done using Ultrafree-MC filtration units (Millipore, Eschbom, Germany) 

5 according to the protocol of the provider with centrifugation at 8000 rpm for 20 minutes. 

[0097] 25 uJ (10u.g/uJ) streptavidin Dynabeads M-280 with a nominal size of 2.8 urn (Dynal, Hamburg, Germany) 
were prepared according to the instructions of the manufacturer and resuspended in 25 jjJ of B/W buffer (10 mM 
Tris-HCi, pH 7.5, 1mM EDTA, 2 M NaCt). This suspension was added to the PCR samples (still in the filtration unit) 
and the mixture was incubated with gentle shaking for 1 5 minutes at ambient temperature. The suspension was trans- 

10 ferred to a 1 .5 ml Eppendorf tube and the supernatant was separated with the aid of a Magnetic Particle Collector, 
MPC, (Dynal, Hamburg, Germany). After immobilization the double stranded PCR product was denatured using 20 u.1 
8 M urea. After removing the urea (containing the non-blotinylated strand) the beads were washed twice with 50 \i\ of 
0.07 M ammonium citrate solution, pH 8.0 (the supernatant was removed each time using the MPC). To perform the 
cleavage reaction and recover the biotinylated single stranded PCR product, the beads were resuspended in 25 uJ of 

*5 25% NH4QH suprapur (Merck, Darmstadt, Germany) and incubated at 60°C for ten minutes. The supernatant was 
removed and saved, the NH 4 OH treatment was repeated once. Both supematants were dried in a speedvac and re- 
suspended in 2 uJ of uttrapure water (MilliQ UF plus, Millipore, Eschborn, Germany). 

Step 3 

20 

[0098] 1 u,l of the resuspended DNA from step 2 was mixed with 0.2x1 0" 3 U of snake venom phosphodiesterase 
(Boehringer Mannheim, Germany) and incubated for 20 min. at 37*C. The reaction was mixed with 1 \l\ matrix solution 
(0.7 M 3-hydroxypicolinic acid in 50% acetonitrile, 70 mM ammonium citrate) and directly used for MALDI-TOF-MS 
analysis. 

25 

Step 4 

[0099] The reaction products were analyzed using MALDI-TOF MS (Figure 7) according to the procedure described 
above. 

30 [01 00] Figure 7 shows a spectrum of an exonucleolytic digest of a 60 mer PCR product. The biotinylated PCR product 
was immobilized on streptavidin Dynabeads and denatured with 8 M urea. The biotinylated single strand was recovered 
from the beads using treatment with ammonium hydroxide. After iyophilization, the single stranded 60merwas digested 
with snake venom phosphodiesterase. As described in example 4, the spectrum represents a digestion time of 20 
minutes at 37°C. 

35 

Example 5 

MALDI-TOF MS analysis of an exonuclease digestion of immobilized oligonucleotides 
40 Step 1 

[0101] 400 pmol of the biotinylated 25mer oligonucleotide were incubated with 2 mg of Dynabeads according to the 
protocol of the provider in a final volume of 100 uJ. 

45 step 2 

[0102] The immobilized oligonucleotide was digested by addition of 3 p.1 snake venom phosphodiesterase (6x1 0* 3 
U) (Boehringer Mannheim, Germany) at room temperature. 

so Step 3 

[0103] Aliquots of 20 uJ were taken after digestion for 4, 10, 15, 20 and 25 minutes and were subjected to the same 
purification procedure as described in Example 2, step 2, supra. 

55 Step 4 

[0104] The reaction products were analyzed using MALDI-TOF MS according to the procedure described above 
(Figure 8). 
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[0105] For the digestion, a 5'-biotiriy!ated oligonucleotide purchased HPLC purified from Blometra (Gfittingen, Ger- 
many) was used. 

5 Sequence: 5 'd(bio-TAC ATTCCC AACCGCGTGGCACAAT)'3 (SEQ ID NO:8) 

[0106] Figure 8 shows an exonucleolytic digestion of a biotinylated 25mer Immobilized on Dynabeads. After 4 minutes 
of digestion with snake venom phosphodiesterase the products where purified and removed from the beads, as de- 

to scribed above. From this spectrum, the base sequence from base 13 to base 25 can be seen. 

[01 07] Examples 4 and 5 demonstrate that the method described herein can be used for isolation of single stranded 
DNA accessible for subsequent enzymatic degradation. Example 4 shows an application where formation of a biotin- 
streptavldin complex, followed by treatment with ammonium hydroxide, Is used to isolate a single strand PGR product 
for the purpose of digestion with a single-strand-specific exonuclease to determine the nucleotide sequence. This 

is experiment also demonstrates that the recovered biotinylated material remains unmodified and accessible for enzy- 
matic reactions. In example 5, the digestion was carried out while the single-stranded PCR product was still immobilized 
and the products were recovered using the cleavage method introduced herein. 

[0108] As can be seen from the Examples, the subject method provides a process for purification and analysis of 
biotinylated molecules The inventive method is compatible with mass spectrometric analysis, and with the potential of 
20 performing further enzymatic reactions. 

SEQUENCE LISTING 

[0109] 

25 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Jurinke, Christian, et al. 
30 (ii) TITLE OF INVENTION: A Method for Dissociating Biotin Complexes 

(iii) NUMBER OF SEQUENCES: 8 

(iv) CORRESPONDENCE ADDRESS: 

35 

(A) ADDRESSEE: Foley, Hoag & Eliot LLP 

(B) STREET: One Post Office Square 

(C) CITY: Boston 

(D) STATE: Massachusetts 
40 (E) COUNTRY: USA 

(F) ZIP: 02109-2170 

(V) COMPUTER READABLE FORM: 

45 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1 .0, version #1 .25 

so (vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 13 MAY 1997 

(C) CLASSIFICATION: 

55 

(Vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUHSER: 08/649,876 
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(B) FILING DATE: 13 MAY 1996 
(vlii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Beth E. Arnold 

(B) REGISTRATION NUMBER: 000000 

(C) REFERENCE/DOCKET NUMBER: SQA-022,25 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (617)832-1294 

(B) TELEFAX: (617)832-7000 

(2) INFORMATION FOR SEQ ID NO:1: 
(I) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) ST (HANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: other nucleic acid 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:1: 



AGCrCTATAT CGGCAAGCCT 



(2) INFORMATION FOR SEQ ID NO:2: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

TTGCCTCAGT GCACTATGCT 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ \D NO:3: 
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(2) INFORMATION FOR SEQ ID NO;4: 

3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

10 (C) STRAND EDN ESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

15 (xl) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



30 



35 



40 



45 



50 
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20 (2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 
25 (B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

T!rOCGTACAC ACTCGCOOTC GTTTTACAAC GTCOTGACTG GOAAXACCTC 50 

(2) INFORMATION FOR SEQ ID NO:6: 
(j) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TY P E: nucleic acid . 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

17 



GTAAAACGAC GGCCAGT 

(2) INFORMATION FOR SEQ ID NO:7: 
55 (i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 1 7 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

CAGATCTCCT A6GGGCC 17 

(2) INFORMATION FOR SEQ ID NO:8: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

TACATTCCCA ACCGCCTGGC ACAAT 25 



Claims 

1 . A method for dissociating a biotin compound:biotin-binding compound complex, the method comprising: 

contacting the complex with an effective amount of ammonia or a primary amine under conditions such that 
the complex Is dissociated; 

thereby forming a biotin compound and a biotln-binding compound. 

2. The method of claim 1 , wherein the complex is contacted with a primary amine at a temperature of between about 
25° and about 100°. 

3. The method of claim 1 , wherein the complex is contacted with a primary amine at a pH of between about 7 and 
about 14. 

4. The method of claim 1 , wherein the complex is contacted with a primary amine at aconcentratlon of between about 
5% and about 26%. 

5. The method of claim 1 , wherein the biotin compound is a blotinylated macromolecule. 

6 The method of claim 5, wherein the blotinylated macromolecule is selected from the group consisting of a bloti- 
nylated nucleic acid sequence, a blotinylated protein, a blotinylated carbohydrate and a blotinylated lipid. 

7. The method of claim 1 . wherein the biotln-binding compound is selected from the group consisting of avidin, strepta- 
vidin and derivatives thereof. 

B. The method of claim 7, wherein the biotin-binding compound is immobilized on a solid support. 
9. The method of claim 8, wherein the solid support is a magnetic bead. 
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10. The method of claim 1 , wherein, after the contacting step, the biotin compound is separated from the biotin-blndlng 
compound. 

11 . The method of claim 10. wherein, after the separation step, the biotin compound Is purified. 

12. The method of claim 11 , wherein the biotin compound is purified by a method selected from the group consisting 
of lyophilizatlon, precipitation, filtration and dialysis. 

13. The method of claim 1 , wherein, prior to the contacting step, the complex is purified. 

14. The method of claim 1 , wherein the biotin compound is Immobilized on a solid support. 

15. "Hie method of claim 1 wherein, after dissociation of the complex at least one of the biotin compound and the biotin- 
binding compound is analyzed by mass spectrometry. 

16. The method of claim 1, wherein, after dissociation of the complex, the biotin-binding compound retains biotin* 
binding activity. 

17. The method of claim 1 , wherein, after dissociation of the complex, the biotin moiety of the biotin compound remains 
substantially intact. 

1 8. The method of claim 1 wherein the amine has the formula NH 2 R' or N+H 3 R' in which R' is alkyl (including cycioalkyl), 
alkenyi, alkynyl or aryl and is independently selected for each occurrence. 

19. The method of claim 1 , wherein: 

the primary amine is selected according to steric bulk or hydrogen bonding capability to bring about dissoci- 
ation. 

20. A method for analyzing a biotinylated nucleic acid, comprising: 

contacting the biotinylated nucieic acid with a biotin-binding compound, thereby forming a biotinylated nucleic 
arid:biotin-blnding compound complex; 

contacting said complex with an effective amount of ammonia or a primary amine, under conditions such that 
a complex Is dissociated; 

thereby releasing a biotinylated nucleic acid and a biotin-binding compound; and 
analyzing the biotinylated nucleic acid. 

21. The method of claim 20, wherein the nucleic acid is DNA. 

22. The method of claim 20, wherein the biotin-binding compound is Immobilized on a solid support 

23. The method of claim 20, wherein the biotinylated nucleic acid is analyzed by mass spectrometry. 

24. The method of claim 8, wherein, prior to contacting said complex with an effective amount of a primary amine, the 
complex is purified. 

25. The method of claim 20 or claim 22 wherein, after contacting said complex with an effective amount of a primary 
amine the biotinylated nucleic acid is subjected to an enzymatic reaction. 

26. The method of claim 20 or 22 wherein, before contacting said biotinylated nucleic acid with a biotin-binding com- 
pound, thereby forming a biotinylated nucleic acidibiotin-binding compound complex, the biotinylated nucleic acid 
Is subjected to an enzymatic reaction. 

27. The method of claim 20, wherein: 

the primary amine is selected according to steric bulk, or hydrogen bonding capability to bring about dissoci- 
ation. 
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28. The method of claim 20 wherein the amine has the formula NH 2 R' or N+H 3 R' in which R' Is alky! (Including cy- 
cloalkyl), alkenyl, alkynyl or aryl, and is independently selected for each occurrence. 

s PatentansprOche 

1 . Verfahren zur Dlssoziation eines Komplexes aus einer Biotin-Verbindung:Biotin-bindender Verbindung, wobei das 
Verfahren umfasst: 

w in Kontakt bringen des Komplexes mtt einer wirksamen Menge an Ammoniak oder eines primaren Am ins unter 

Bedingungen, so dalB der Komplex dlssoziiert; 

wobei eine Biotin-Verbindung und eine Biotin-bindende Verbindung gebildet werden. 

« 2. Verfahren nach Anspruch 1 worln der Komplex mit einem primaren Am in bei einer Temperatur von zwischen etwa 
25° und etwa 100° in Kontakt gebracht wird. 

3. Verfahren nach Anspruch 1 , worln der Komplex mit einem primaren Amin bei einem pH von zwischen etwa 7 und 
etwa 14 in Kontakt gebracht wird. 

20 

4. Verfahren nach Anspruch 1 , worin der Komplex mit einem primaren Amin in einer Konzentration von zwischen 
etwa 5% und etwa 28% in Kontakt gebracht wird. 

5. Verfahren nach Anspruch 1 , worln die Biotin-Verbindung ein biotlnyliertes Makromolekul 1st. 

25 

6. Verfahren nach Anspruch 5, worin das biotinylierte Makromolekul ausgewahlt wird aus der Gruppe bestehend aus 
einer biotinylierten Nuklelnsauresequenz, einem biotinyllerten Protein, einem biotinylierten Kohlehydrat und einem 
biotlnyllerten Lipid. 

30 7. Verfahren nach Anspruch 1 worln die Biotin-bindende Verbindung ausgewahlt wird aus der Gruppe bestehend aus 
Avldin, Streptavidin und Derivaten davon. 

8. Verfahren nach Anspruch 7, worin die Biotin-bindende Verbindung an ein Tragermaterial immobilizer! 1st. 
35 9. Verfahren nach Anspruch 8, worin das Tragermaterial ein Magnetbead ist. 

10. Verfahren nach Anspruch 1 , worin die Blotin-Verbtndung nach dem In Kontakt bringen von der Biotin-bindenden 
Verbindung abgetrennt wird. 

* 

40 11. Verfahren nach Anspruch 10, worin die Biotin-Verbindung nach dem Abtrennen gereinigt wird. 

12. Verfahren nach Anspruch 11 , worin die Biotin-Verbindung gereinigt wird mtt einem Verfahren ausgewahlt aus der 
Gruppe bestehend aus Lyophilisierung. Prazipitation. Filtration und Dialyse. 

45 13. Verfahren nach Anspruch 1 , worin der Komplex vor dem in Kontakt bringen gereinigt wird. 

14. Verfahren nach Anspruch 1, worin die Biotin-Verbindung an ein Tragermaterial immobilisiert ist. 

15. Verfahren nach Anspruch 1 , worin nach der Dlssoziation des Komplexes mlndestens eine der Biotin-Verbindung 
so und Biotin-bindenden Verbindung durch Massenspektrometrie analysiert wird. 

16. Verfahren nach Anspruch 1, worin nach der Dlssoziation des Komplexes die Biotin-bindende Verbindung eine 
Biotin-bindende AktivitSt behalt. 

55 17. Verfahren nach Anspruch 1 , worin nach der Dlssoziation des Komplexes der Biotln-Anteil der Biotin-Verbindung 
im Wesentlichen intakt bleibt. 

1 8. Verfahren nach Anspruch 1 , worln das Amin die Formel NH 2 R' oder N+H 3 R* besltzt, worin R' ein Alkyl (einschlie&lich 
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Cycloalkyl), Alkenyl, Alkinyl Oder Aryl, 1st und unabhangig fur jedes Vorkommen ausgewahlt wird. 

19. Vorfahren nach Anspruch 1, worin das primare Amin ausgewahlt wird nach sterischer GroBe Oder Wasserstoff- 
bindungs-Fahigkeit, um eine Dissoziation zu bewerkstelligen. 

20. Verfahren zur Analyse einer blotinylierten Nukleinsaure, umfassend 

in Kontakt bringen der biotinylierten Nukleinsaure mlt elner Biotin-bindenden Verbindung, wobel eln Komplex 
aus blotlnylierter Nukleinsaure:Biotin-bindender Verbindung gebildet wird; 

in Kontakt bringen des Komplexes mlt einer wlrksamen Menge an Ammonlak oder eines primaren Amlns unter 
Bedingungen, so daB der Komplex dissoziiert; 

wobei elne biotinylJerte Nukleinsaure und elne Blotin-bindende Verbindung treigesetzt werden; und 
Analysieren der blotinylierten Nukleinsaure. 

21. Verfahren nach Anspruch 20, worin die Nukleinsaure DNA ist. 

22. . Verfahren nach Anspruch 20, worin die Biotin-bindende Verbindung an ein Tragermaterial immobilislert wird. 

23. Verfahren nach Anspruch 20, worin die biotinylierte Nukleinsaure durch Massenspektrometrie analysiert wird. 

24. Verfahren nach Anspruch B, worin der Komplex vor dem in Kontakt bringen mit einer wirksamen Menge eines 
primaren Amins gereinigt wird. 

25. Verfahren nach Anspruch 20 Oder 22, worin die biotinylierte Nukleinsaure nach dem in Kontakt bringen des Kom- 
plexes mit einer wirksamen Menge eines primaren Amins einer enzymatlschen Reaktion unterworfen wird. 

26. Verfahren nach Anspruch 20 oder 22, worin die biotinylierte Nukleinsaure vor dem in Kontakt bringen mit einer 
Biotin-bindenden Verbindung, wobei ein Komplex aus biotinylierter NukJeinsaure:Biotin-bindender Verbindung ge- 
bildet wird, einer enzymatlschen Reaktion unterworfen wird. 

27. Verfahren nach Anspruch 20, worin das primare Amin ausgewahlt wird nach sterischer GroBe oder Wasserstoff- 
blndungs-Fahigkelt, um eine Dissoziation zu bewerkstelligen. 

28 Verfahren nach Anspruch 20, worin das Amin die Formel NH 2 R'oder N+H 3 R' besitzt, worin R* ein Alkyi 
(elnschlieBlich Cycloalkyl), Alkenyl, Alkinyl oder Aryl, 1st und unabhangig fur Jedes Vorkommen ausgewahlt wird. 



Revendlcations 

1. Precede pour dissocier un complexe compose du type biotine:compose de liaison de biotlne. ledit precede 
comprenant : 

la rrrise en contact du complexe avec une quantite efficace d'ammoniac ou tfune amine primaire dans des 
conditions telles que le complexe soft dissocle ; 

en formant ainsl un compose du type biotlne et un compose de liaison de biotlne. 

2. Precede suivant la revendication 1 , dans lequel le complexe est mis en contact avec une amine primaire a une 
temperature comprise dans I'intervalle d'environ 25 s a environ 100°C. 

3. Precede suivant la revendication 1 , dans lequel le complexe est mis en contact avec une amine primaire a un pH 
compris dans la plage d'environ 7 a environ 14. 

4. Precede suivant la revendication 1 , dans lequel le complexe est mis en contact avec une amine primaire a une 
concentration comprise dans I'intervalle d'environ 6 % a environ 28 %. 

5. Procede suivant la revendication 1 , dans lequel le compose du type biotlne est une macromolecule blotlnylee. 

6. Procede suivant la revendication 5, dans lequel la macromolecule blotlnylee est choteie dans le groupe conslstant 
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en une sequence cfacide nucleique biotinylee, une prot6ine biotinylee, un gluclde biotinyle et un lipide biotinyle. 

7. Procede suivant la revendlcation 1 , dans lequel le compose de liaison de blotlne est choisl dans le groupe con- 
slstant en I'avidine, la streptavidine et leurs derives. 

8. Procede sulvant la revendlcation 7, dans lequel le compose de liaison de blotlne est Immobilise sur un support 
solkte. 

9. Procedd suivant la revendication B, dans lequel le support solide est une bille magnetlque. 

10. Procede suivant la revendlcation 1 , dans lequel, apres Petape de mise en contact, le compose du type biotlne est 
separe du compose de liaison de biotine. 

11. Procede suivant la revendlcation 10, dans lequel, apres I'etape de separation, le compose du type biotine est 
purifie. 

12. Procede suivant la revendlcation 1 1 , dans lequel le compose du type biotine est purifie par un procede choisi dans 
le groupe consist ant en la lyophilisation, la precipitation, la filtration et la dialyse. 

13. Procede suivant la revendlcation 1 , dans lequel, avant I'etape de mise en contact, le complexe est purifie. 

14. Procede suivant la revendlcation 1 , dans lequel le compose du type biotine est immobilise sur un support solide. 

15. Procede suivant la revendicatlon 1, dans lequel, apres la dissociation du complexe, au moins un des membres 
conslstant en le compose du type biotine et le compose de liaison de biotine est analyse par spectrometrie de 
masse. 

16. Procede suivant la revendlcation 1, dans lequel, apres la dissociation du complexe, le compose de liaison de 
biotine conserve une activite de liaison de biotine. 

17. Procede suivant la revendlcation 1, dans lequel, apres la dissociation du complexe, le groupement biotine du 
compose du type biotine reste pratiquement intact. 

1B Procede suivant la revendlcation 1 , dans lequel Tannine repond a la formule NH 2 R' ou N+h^FV, dans laquelle FT 
represente un groupe alkyle (y compris cycloalkyle), alcenyle, ateynyle ou aryte et est choisi Independamment 
chaque fols qu'il est present. 

19. Procede suivant la revendicatlon 1 , dans lequel : 

I'amine primaire est choisie en fonction de la capacite par encombrement sterique ou liaison hydrogene a 
provoquer la dissociation. 

20. Methode d'analyse cfun acide nuclei que biotinyle, comprenant : 

la mise en contact de I'aclde nucleique biotinyle avec un compose de liaison de biotine, en formant alnsl un 
complexe acide nucleique biotinyle:compose de liaison de biotine ; 

la mise en contact dudit complexe avec une quantrte efficace d'ammoniac ou d'une amine primaire, dans des 
conditions teltes que le complexe soit dissocie ; 

en liberant ainsl un acide nucleique biotinyle et un compose de liaison de biotine ; et 
ranalyse de Paclde nucleique biotinyle. 

21. Methode suivant la revendication 20, dans laquelle I'acide nucleique conslste en ADN. 

22. Methode suivant la revendlcation 20, dans laquelle le compose de liaison de blotlne est Immobilise sur un support 
solide. 

23. Methode suivant la revendication 20, dans laquelle racide nucleique biotinyle est anafyse par spectrometrie de 
masse. 
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24. Methode suivant la revendication 8, dans laquetle, avant la mise en contact du complexe avec une quant it© efficace 
d'une amine primaire, le complexe est pu rifle. 

25. Methode suivant la revendication 20 ou la revendication 22, dans laquelle, apres la mise en contact du complexe 
s avec une quantlte efticace d'une amine primaire, I'acide nucleique biotinyle estsoumis a une reaction enzymatique. 

26. Methode suivant la revendication 20 ou 22, dans laquelle, avant la mise en contact de I'adde nucleique biotinyle 
avec un compose de liaison de biotlne, en formant ainsi un complexe acide nucleique bk>tinyl6:composd de liaison 
de biotine, I'acide nucleique biotinyle est soumis a une reaction enzymatique. 

10 

27. Methode suivant la revendication 20, dans laquelle : 

I'amine primaire est choisie en fonction de la capacity par encombrement st£rique ou liaison hydrogene a 
provoquer la dissociation. 

15 

28. Methode suivant la revendication 20, dans laquelle i'amine repond a la formula NHjR 1 ou N+H 3 R' dans laquelle 
R* represente un groupe alkyle (y compris cycloalkyle), alcenyle, alcynyle ou aryle, et estchoisi independamment 
chaque fois qu'il est present. 

20 
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